Introduction
A process that is not fully understood is the absorption of water from the soil by the epidermal cells of the root and its movement into the xylem under sufficient pressure to produce "bleeding", as often occurs when grapeviens are pruned in early spring. Skene (13) found that the root exudate of the grapevine contains the plant hormones, cytokinin and gibberellin.
He also observed that the levels of sugars, minerals and other compounds are usually very Iow. As much as 20-30 liters of exudate have been recorded for individual vines when new cuts were every other day (17) . The source and physiological significance of hormones and other compounds in root exudate are uncertain. Their occurrence may be related to but swelling and they may regulate budbreak of the vine in early spring.
The present study concerns seasonal and diurnal changes in volume and pH behavior of the xylem exudate and with respect to its sugar and organic acid contents.
Materials and methods
Last year's canes on three 12-year-old grapevine (Vitis vinifera L. cv. Muscat of Alexandria) were cut at intervals through Feb. 17 to May 23 in 1978. On each occasion exudates were collected daily in individual flasks or tubes from freshly made cuts. The exudate was held at -45°C until analyzed.
One ml of the exudate was taken up and silylated according to Sweeley et al. (14) using a mixture of pyridine : hexamethyl sililazane : trimethyl chlorosilane (2 : 2 : 1, v/v). After leaving overnight, 1 pl of TMSderivative was injected into a Nihondenshi 20 model gas chromatograph apparatus equipped with SS column (3 mm x 2 m) packed with 3% OV-1 on 60-80 mesh chromosorb W support (3). The oven temperature was programmed to increase from 100 to 250°C at 4°C/min.
Another five-ml aliquot of the exudate was passed successively through an Amberlite IR-120 (1 cm x 25 cm) and an IRA-410 (1 cm x 25 cm) column.
IRA-410 column was eluted with 50 ml of 1 N-HC1 and an equal volume of water. After the aqueous phase was reduced to about 80 ml in vacuo below 45°C with a rotary evaporator, the fraction was repassed through an IR-120 column. The aqueous eluate was lyophilized at -55°C and the dried sample was stocked at -35°C The sample was dissolved in 5 ml of water and a 1 ml aliquot used to determine organic acids by titration.
Results and discussion
The flow of xylem exudate during the period of Feb. 17 to March 3 was very slow, but on March 17, it increased quickly. In middle Apr., the flow reached its maximum (Fig. 1) .
The pH of the exudate at the start was 6.22. Thereafter, it dropped steadily, reaching its lowest point in mid Apr. at which time, swelling of a bud on the vines was noticeable. On and after Apr. 11, the rate of exudation decreased markedly; by May 9, the pH of the exudate was clearly higher. Subsequently, the pH increase1 rapidly reached its highest value of about 6.78 on May 23, which coincided with the beginning of the flowering season of the grapevines.
These findings indicate that the budbreak on the vines may be affected by factors in the exudate from the root and/or the acidic compounds which lower the pH of the exudate.
The seasonal changes in concentration per ml and the volume of organic acids expressed as citric acid equivalent per day which exuded from the vine followed a similar pattern, both reaching a peak on Apr. 11 ( Fig. 2) .
About 310 mg per day of citric acid equivalent were exuded from the cut vine on Apr. 11. The increase in the exudate volume and organic acid level in early Apr. indicates changes of physiology within the vine.
Sugars in the exudate included fructose, glucose and sucrose.
Fructose and glucose concentrations were high early in the season, and decreased sharply thereafter. The total sugars, however, increased to a peak in middle March, and fell off continously from then until late May (Fig. 3) .
Unlike the fructose and glucose values, sucrose concentration was extremely low. Sucrose is not considered to be a translocated form of carbohydrates in the exudate (10).
The peak of sugar exudation occurred on March 17 (Fig. 4) , 3 weeks before budbreak. The increase in sugars in the exudate is associated with the large changes in respiration of tissues which accompany budbreak.
DAvisoN and several investigators noted that the decrease in ABA levels in the sap in early spring coincided with the first visible end of the dormancy-the beginning of bud (1) recognized that growth of willow in the spring was preceded by decreasing levels of ABA in the xylem sap and an increase in cytokinin activity. The budbreak in willow in early spring was attributed to ABA and cytokinin balance in the sap.
The relationships between the rate of vine exudation and budbreak which is hormonally controlled is unknown. On a diurnal basis, a marked increase in level of the exudate was revealed just after sunset but the reverted back to the previous level by the next morning (Fig.5) .
On the other hand, a rapid decline in pH occurred from 18 : 00 to 21 : 00 O'clock. The The minimum value of pH 4.18 was reached at 21: 00. After this, the pH reverted gra- dually to 5 :00 and during one hour, just before day break, it rose sharply to the day time value. Kliewer found that light and temperature exerted considerable influence on metabolism of organic acids and carbohydrates in vine (8, 9). Vaadia (15) suggested that the diurnal fluctation of exudation rates causes a periodicity in the osmotic potential of the contents of the xylem ducts, which would have the effect of changing the rate of water absorption in accordance with the changing water potential gradients.
From the behavior of the exudate, it seems that the flow of the exudate at night seem dependent on relatively high root pressure during the day.
In general, an organic acid should be an early fixation product in a pathway of plant metabolism and this is typical of dark CO2 fixation (2). Organic acid synthesis cycle in the vine is seemingly enhanced by CO2 fixation after 18 : 00 o'clock under green house conditions, and the resulting organic acids are deposited in the exudate. This finding is reflected by diurnal changes in level of sugars in the exudate (Fig. 6) .
The increase in organic acid content in the exudate began at 18 : 00 and the peak of the curve was reached 3 hours later. Sugar elvel, however, decreased from 18:00 to 22: 00. It is suggested that the metabolism of CO2 changes to dark-fixation in the vine at this time, and organic acid is thus accumuaf ter 18 : 00 until the saturation point of the acids is reached.
Air and soil temperatures in the green house, and humidity inside of the green house, changed simultaneously at the onset of darkness at 18 : 00 o'clock (Fig. 7) .
Currently it is not known why the volume of the exudate increased when the temperatures of air and soil declined rapidly from 18 : 00 to 20 : 00 o'clock. 
